Hintergrund: In dieser Studie wird die bestehende Evidenzlage zur Wirkung von Akupunkt-Anwendungen bei Asthma im Erwachsenenalter evaluiert. Methodik: Sechs elektronische Datenbanken wurden bis Mai 2014 auf relevante Studien hin durchsucht. In die Studie eingeschlossen wurden randomisierte, kontrollierte Studien zur Wirkung von Akupunkt-Anwendungen bei erwachsenen Asthmapatienten. Die methodische Qualität der ausgewählten Studien wurde mithilfe des Cochrane Collaboration Tools überprüft. Die standardisierte Mittelwertdifferenz (SMD) sowie die 95%-Konfidenzintervalle (KI) eines Random-Effect-Modells wurden ermittelt. Die Heterogenität wurde durch I 2 -Statistiken errechnet. Ergebnisse: Insgesamt wurden acht Studien in unsere Analyse eingeschlossen. Die kumulierten Ergebnisse ergaben, dass die Akupunkt-Anwendungen die Einsekundenkapazität (FEV1) (SMD, 0,32; 95%-KI 0,04-0,60; p = 0,03) sowie FEV1/forcierte Vitalkapazität (SMD, 0,89; 95%-KI 0,70-1,09; p < 0,00001), Interleukin (SMD, -0,26; 95%-KI -0,50 bis -0,01; p = 0.04) und Immunglobulin E bei Asthmapatienten verbesserten. Dies traf jedoch nicht auf das eosinophile kationische Protein zu (SMD, -0,58; 95%-KI -1,42 bis 0,26; p = 0,18). Die Evidenz für nachhaltige Effekte von AkupunktAnwendungen in der Therapie von Asthmapatienten ist nicht hinreichend. Schlussfolgerungen: Akupunkt-Anwendungen können eine sinnvolle komplementäre bzw. alternative Therapieoption bei der Behandlung von Asthma sein, vor allem zur Unterstützung der Lungenfunktion und zur Reduktion der Interleukin-und Immunglobulin-E-Level. Jedoch sind mehr Studien mit längeren Follow-ups vonnöten, um die derzeitigen Erkenntnisse zu verifizieren.
Introduction
Asthma is one of the most widespread chronic respiratory diseases, affecting approximately 300 million sufferers worldwide. Its incidence and severity have been continually increasing [1] . In China, more than 25 million adults suffer from asthma [2] [3] [4] , and this number is rising sharply with the decrease of air quality.
In China, there is a long-established approach for prevention and treatment of asthma [2, 3] . Acupuncture point (acupoint) treatments, based on traditional Chinese medicine (TCM) meridian theory, consist of a system of noninvasive therapeutic procedures of applying processed Chinese herbal medicine formulations to acupoints [5] . It is an important part of TCM and has been used in asthma management for thousands of years [6] [7] [8] [9] . The probable mechanism underlying the positive impact of this method may be rooted in the comprehensive efficacy of both acupoint stimulation and drug action. A specific herbal preparation, processed herbal mixture with 2 cm in diameter which was fixed onto precisely selected acupoints (Tiantu 'CV 22', Dazhui 'CV 14', Fei Shu 'BL 13', etc.), was employed in the trials included in our review. The herbal mixture was composed of fine herbal powders (Ding Xiang 'Flos Caryophylli', Rou Gui 'Cortex Cinnamomi', Wu Zhu Yu 'Fructus Evodiae', etc.) combined with ginger juice [10] . Although the effects of acupoint herbal application for asthma therapy in adults have been reported in some studies, the role of this approach remains controversial [11] [12] [13] . Furthermore, most previous reviews were only qualitative.
Therefore, in this paper, we assessed the existing evidence on the therapeutic effects of acupoint application in the treatment of asthma in adults. In this review, meta-analyses on the influence of this traditional technique on the pulmonary functions in asthmatic patients and the levels of relevant immunological markers were included.
Methods

Search Strategy
The following electronic databases were searched from their inception to May 2014: PubMed, EMBASE, Cochrane Library, China Knowledge Resource Integrated Database, Wan Fang Data, and Weipu Database for Chinese Technical Periodicals. The following keywords were used: 'herbal medicine', 'herbal preparation', 'Chinese herbs', 'acupoint application', 'point application', 'asthma', and 'asthmatic'. Literature was also identified by citation tracking using reference lists from papers and internet searching. To retrieve unpublished studies, we searched dissertations and trial registrations and contacted experts in this field. There were no restrictions on publication status.
Study Selection
The studies that met the following criteria were included in our review: (1) design: randomized controlled trials (RCTs); (2) population: participants diagnosed with asthma and not younger than 18 years; (3) intervention: acupoint application; acupoint application was compared with any control intervention, which did not include acupoint application; (4) outcomes: pulmonary function and/or relevant immunological markers; no restrictions were imposed on the measurement tools, because a large variety of outcome measures were used in the studies; (5) RCTs should contain available data for the meta-analysis; (6) the publication was available in either English or Chinese.
Data Extraction
Two reviewers independently extracted data based on predefined criteria. We contacted the primary authors when relevant information was not reported. Differences were settled by discussion with reference to the original article. For crossover studies, we considered the risk for carryover effects to be prohibitive; thus, we selected only the first phase of the study. The first author and the year of the study were extracted as general information. Parameters, such as population, outcome assessments, interventions, and follow-up duration, were utilized to analyze the study characteristics. Disagreements were resolved by discussion.
Risk of Bias
The risk of bias was assessed independently by two reviewers through the Cochrane Collaboration's tool [14, 15] . The following domains were assessed: 1) random sequence generation, 2) allocation concealment, 3) blinding of participants and personnel, 4) blinding of outcome assessment, 5) incomplete outcome data, 6) selective reporting, and 7) other bias. Every domain was classified as 'low risk of bias', 'high risk of bias', or 'unclear risk of bias'. The necessary information was supplemented by contacting the corresponding authors. Any arising difference was resolved by discussion.
Data Synthesis and Analysis
The meta-analyses were conducted using the Cochrane Collaboration's software (Review Manager Version 5.1). For continuous data, the standardized mean difference (SMD) and 95% confidence intervals (CI) of the random-effects model were calculated for all eligible trials. I 2 was used to assess statistical heterogeneity. The reviewers determined that the heterogeneity was high when the value of I 2 was greater than 75%. The present review mainly focuses on outcome measures, such as changes in the pulmonary functions and the levels of immunological markers after acupoint herbal application in asthmatic patients compared with the values of the respective parameters obtained as a result of the control interventions. Hence, the reviewers pooled data across all control groups ( 75%). Similar intervention or control groups were combined using the formula of the Cochrane handbook for a single pair-wise comparison.
Results
Literature Search
After removing the duplicates, a total of 508 records were identified. During the preliminary screening of the titles and abstracts, 478 records were eliminated. After full-texts screening, eight RCTs were included in our meta-analysis [16] [17] [18] [19] [20] [21] [22] [23] . Twenty-two records were excluded due to the lack of representative outcomes (n = 5) or the absence of available data for the meta-analyses (n = 17). The detailed search process is presented in figure 1 .
Study Characteristics
Eight studies with 1,083 participants (range: 60-362) were included in our review [16] [17] [18] [19] [20] [21] [22] [23] . The study duration was from 2 to 24 weeks. The therapeutic programs were practiced in 3-48 sessions, with one session of 45 to 720 min duration. The control interventions included desensitization [16] , conventional care (glucocorticoids, theophylline, anticholinergic agents, etc.) plus placebo [17] , placebo only [18] , theophylline and ketotifen [19] , Chinese herbs [20, 22] , and routine care [21, 23] . The characteristics of all included studies are summarized in table 1.
Risk of Bias
The risk of bias in the included studies is presented in figure 2 . For random sequence generation, six studies (75%) were consid-ered to have a low risk of bias [17] [18] [19] [20] [21] 23 ]. Most of the included studies (75%) were considered as carrying an unclear risk of bias in allocation concealment [16, 18, 19, [21] [22] [23] . One study was categorized to have a low risk of bias in allocation concealment [17] . In blinding of participants and personnel, two trials exhibited a low risk of bias, and five studies were classified as having a high risk of bias. For the blinding of outcome assessment, four trials were considered to present an unclear risk of bias [16, 19, 22, 23] , and three were included in the high-risk group [17, 20, 21] . All included studies showed a low risk of bias concerning the incomplete outcome data and selective reporting [16] [17] [18] [19] [20] [21] [22] [23] . Most of them had an unclear risk of bias in the 'other bias' category [16, [19] [20] [21] [22] [23] . The necessary information was provided by the corresponding authors [17, 18, 20, 21] . IL-5 = interleukin-5; ECP = eosinophilic cation protein; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; IL-4 = interleukin-4; CD4 = cluster determinant 4; CD8 = cluster determinant 8; IgE = immunoglobulin E; NR = not reported.
Pulmonary Function
Five studies assessed the effects of the application of herbal acupoint preparations for asthma treatment on the pulmonary functions by determination of forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), and FEV1/FVC [17] [18] [19] [20] 23] . All studies were included in the meta-analysis. The aggregated results indicated that acupoint application improved FEV1 (SMD, 0.32; 95% CI 0.04-0.60; p = 0.03, fig. 3 ) [18] [19] [20] 23] and FEV1/FVC (SMD, 0.89; 95% CI 0.70-1.09; p < 0.00001, fig, 3 ) [17, 23] .
Two studies reported the influence of acupoint application for asthma therapy on FVC values [19, 20] . One study evaluated the action of acupoint application as compared to theophylline and ketotifen (improvements of FVC: 14.53% vs 6.94%) [19] . The other publications reported a higher effectiveness of acupoint application versus the utilization of Chinese herbs (improvements: 2.52 ± 1.83 vs 2.46 ± 2.51) [20] .
Relevant Immunological Markers
Five studies examined the effects of acupoint application on the levels of interleukin (IL), eosinophilic cation protein (ECP), cluster determinant 4/8 (CD4 and CD8), and immunoglobulin E (IgE) [16, 18, 19, 20, 22] . The aggregated results indicated that acupoint application achieved better results for the rates of IL (SMD, -0.26; 95% CI -0.50 to -0.01; p = 0.04, fig. 4 ) [16, 18] and IgE (SMD, -0.49; 95% CI -0.83 to -0.16; p = 0.004, fig. 4 ) [10, 22] with the control interventions, but no positive effects were established regarding ECP levels (SMD, -0.58; 95% CI -1.42 to 0.26; p = 0.18, fig. 4) [16, 21] .
Two of the reports examined the effects of acupoint application on CD4 and CD8 levels [19, 22] . One of them compared the influence of acupoint application with that of Chinese herbs (improvements: 8.79% vs 2.44% on CD4; -9.10% vs -3.92% on CD8) [22] . The other study assessed the effectiveness of acupoint application versus the impact exerted by theophylline and ketotifen (improvements: -8.41% vs -3.60% on CD4; 9.61% vs 2.37% on CD8) [19] .
Follow-up Effects
Only one study reported follow-up effects of acupoint application and compared them with those of usual care plus placebo (improvements: 84.21 ± 8.63 vs 73.15 ± 8.13) after 36 weeks of follow-up [17] .
Discussion
The purpose of this systematic review was to assess the evidence accumulated on the effects of acupoint application utilized for asthma treatment in adults. Current evidence demonstrates that acupoint application exerts beneficial effects in improving pulmonary function and reduces the levels of IL and IgE in patients with asthma. Nevertheless, there was no sufficient evidence to support or refute the value of acupoint application on the beneficial changes in ECP, CD4, or CD8. There was also no consistent/supportive data of the follow-up effects of acupoint application in the treatment of asthma in adults.
Acupoint application, as an alternative option in asthma therapy, was frequently reported in China. However, there were wide variations in study design, and random assignment was not used in most studies. Finally, only eight RCTs met our inclusion criteria. In our review, detailed subgroup meta-analyses were conducted based on different outcome measures. They revealed the effects of acupoint application on different symptoms of asthma. The aggregated results indicated that acupoint application improved levels of FEV1, FEV1/FVC, IL, and IgE in patients with asthma. Although some aggregated results were based on only two eligible RCTs, they provided supportive information that this alternative therapy exerted more beneficial influence on the condition of patients with asthma as compared to conventional treatment or/and placebo.
Due to the small sample size and poor methodology, there were no clear recommendations in applying TCM for the treatment of asthma [24] [25] [26] , although some studies reported promising effects [27] [28] [29] [30] [31] . The employment of Chinese herbal preparations resulted in beneficial improvements in the pulmonary function and relieved asthma symptoms [27] [28] [29] . The mechanisms of action of acupoint application in the therapy of asthma remain unclear. Based on TCM theory, an imbalanced flow of 'Qi' can lead to chronic pulmonary disorders. The herbal mixture applied on the acupoints could regulate 'Qi' and improve pulmonary function [30, 31] . Some studies showed that acupuncture also had beneficial effects on the pulmonary function of patients with asthma [32, 33] . Carneiro et al. [34] reported that the stimulation provided by acupuncture (Fei Shu 'BL 13') could lead to the improvement of lung inflammation and cellular inflammatory processes. The acupoint approach, as a complementary and alternative therapy for asthma, is realized through the application of a processed herbal mixture to specific acupoints. Therefore, the previous studies on the utilization of Chinese herbal preparations and acupuncture for asthma treatment provided indirect evidence for the effect of acupoint application in the management of asthma.
There were several limitations in our review: (a) there were only few eligible trials in some subgroups of meta-analyses due to the strict eligibility criteria of our review. Although the aggregated results might have been biased, low eligibility criteria would generate more doubtful results. Finally, only eight RCTs were included in our review, in which the control interventions were different, and each of them had a relatively small sample size. Thus, a subgroup analysis based on different control interventions was not conducted; (b) the findings of the eligible studies in our review might have been affected by different dosing parameters of the herbal preparations for acupoint application, such as the time of each session and the total duration of the sessions; (c) most of the included studies did not report adverse events, so it was not clear whether the negative effects had been measured or not; (d) in the metaanalysis of the influence of acupoint application on ECP, the results of two trials were pooled (83%), yet no favorable effects on ECP could be found.
Conclusions
Moderate evidence has been collected in this systematic review that acupoint application exerts beneficial effects in improving pulmonary functions and reducing IL and IgE levels in adults with asthma. There was no sufficient evidence to support or refute the value of acupoint application on ECP, CD4 nor CD8. Considering the poor methodological quality of the papers evaluated, the small sample size, and the lack of follow-up data, more high-quality RCTs with longer follow-ups are warranted to confirm the current findings.
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